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(54) Abstract Title 

Use of a rectified image voltage for controlling a switched-mode power supply 



(57) A switched-mode power supply has primary and secondary sides, and a transformer Ml with a primary 
winding, a secondary winding and an auxiliary winding. A switch element T3 is connected to the primary 
winding in order to interrupt a current flowing in the primary winding. The switched-mode power supply 
contains a freely oscillating circuit R5, C3, R7, T1, T2, R8, R9, R19, R11 for generating switching pulses to the 
switch element T3. A rectifying and charge storing coupling D4, C5 is connected between the terminals of the 
auxiliary winding in order to generate an image voltage which on the primary side represents a certain voltage 
of the secondary side. The switched-mode power supply further contains a coupling D3, R9 from the rectifying 
and charge storing coupling D4, C5 to the freely oscillating circuit R5, C3, R7, T1, T2 r R8, R9, R10, R1 1 in order 
to control how switching pulses are generated on the basis of the value of the image voltage so as to limit the 
level of the output voltage. The circuit reduces RF propagation into the mains. A further feedback signal 
responsive to output current and voltage may be optically coupled to the primary circuit (Figs. 4 and 5). 
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The use of a rectified image voltage for controlling the switch on the primary 
side of a switched-mode power supply 

Generally the invention relates to the control of a switch on the primary side of a 
switched-mode power supply. Particularly the invention relates to generating 
switching pulses, which are supplied to the switch element on the primary side of a 
freely oscillating switched-mode power supply, so that the primary side utilises a 
5 rectified image voltage, which represents the behaviour of the voltage on the secon- 
dary side. 

In a known way a switched-mode power supply comprises a transformer which di- 
vides the power supply into primary and secondary sides. The primary side contains 
a switch element which at a certain frequency interrupts the current flowing through 

10 the primary winding of the transformer according to a certain duty cycle. Usually 
the switch element is a MOSFET (Metal Oxide Semiconductor Field Effect Transis- 
tor). As a switch element its operation is controlled by switching pulses, which are 
supplied to the gate of the MOSFET. The duty cycle of the switching pulses deter- 
mines the momentary electric power supplied to the transformer. The frequency of 

15 the switching pulses is of importance mainly regarding dimensioning of the compo- 
nents in the switched-mode power supply. 

In order to generate the switching pulses it is possible to use an oscillator with a 
fixed frequency, or a particular PWM controller (Pulse Width Modulation). How- 
ever, in many cases it is advantageous to use a freely oscillating circuit on the pri- 

20 mary side for generating the switching pulses, so that the frequency and the duty 
cycle of the circuit are adapted to the operating conditions of the switched-mode 
power supply. In generating switching pulses the object is to have the primary side 
to supply at each moment, controlled by the pulses, the optimal electric power to the 
secondary side through the transformer. The secondary side contains very often 

25 measurement circuits in order to supervise the secondary current and/or the secon- 
dary voltage. The information provided by them is returned to the primary side, for 
instance via an opto-isolator, because safety aspects require galvanic isolation be- 
tween the primary and secondary sides. For instance, if the measurement on the sec- 
ondary side shows that the secondary voltage increases over its usual value, then the 

30 feedback through the opto-isolator to the switching pulse generating circuit reduces 
the duty cycle, and thus it reduces the amount of electric power supplied to the 
transformer. 
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1 1 is known as such to implement the switched-mode power supply also as a so- 
called primary-controlled supply, i.e. without any feedback from the secondary side 
to the primary side. For instance, the patent publication US-4 172 276 presents a 
switched-mode power supply which in addition to the primary and secondary wind- 
5 ings of the isolating transformer has a third winding generating a certain auxiliary 
voltage on the primary side. The switching pulses controlling the switch transistor, 
which interrupts the primary current, are controlled by a reference voltage generated 
by certain capacitors and a zener diode, whereby a problem is particularly that the 
potential difference over the zener diode depends on the current passing through it. 

10 As one possibility the text presents to connect a constant current supply in parallel 
with the zener diode, but the actual invention presented in the publication is based 
on the fact that in order to generate a corrected reference voltage a compensating 
voltage is added to the voltage over the zener diode, so that the compensating volt- 
age is generated according to the measured primary current. Thus there is a current 

15 measurement circuit on the primary side. On the other hand they also use an addi- 
tional winding for detecting the waveform of the secondary voltage and to imitate it 
on the primary side. The original reference voltage which supplies current via the 
zener diode to the switch transistor base is generated just with the aid of this addi- 
tional winding. 

20 From the Finnish patent application No. FI-952571 there is known a coupling which 
controls the output voltage and current of a switched-mode power supply in a very 
versatile and accurate manner on the basis of only the functions of the couplings on 
the primary side. In the solution according to the publication the auxiliary winding 
in the isolation transformer generates an image voltage whose waveform corre- 

25 sponds to that of the secondary voltage. The image voltage is corrected with differ- 
ent correction terms, which compensate for its distortion as the output characteris- 
tics of the switched-mode power supply vary. The duty cycle of the switching 
pulses of the switch transistor is determined on the basis of the corrected image 
voltage. The switched-mode power supply according to the publication is intended 

30 to be used particularly in battery chargers, where the output current must remain 
almost constant as the output voltage rises, from a value corresponding to the termi- 
nal voltage of a completely discharged battery, to a value corresponding to the ter- 
minal voltage of a fully charged battery, and the output voltage must then remain 
below a certain maximum value, even if the fully charged battery then would not 

35 receive any essential current. The coupling according to the publication meets well 
the objectives placed on it, but regarding its structure it is rather complicated, which 
increases the manufacturing costs. 




From the Finnish patent application No. FI-970063 there is known a primary- 
controlled switched-mode power supply according to figure 1, which in a normal 
state supplies a constant power via the transformer M101 to the secondary side, and 
where the auxiliary winding (the winding connected to the resistor Rl 10 and the ca- 
5 pacitor CI 05) of the transformer Ml 01 on the primary side generates an auxiliary 
voltage representing the secondary voltage. Central components of the freely oscil- 
lating circuit, which generates the switching pulses, are the capacitor CI 04 and the 
transistor Q102. During the periods when the switch transistor Q101 is non- 
conducting the main part of the energy stored in the magnetic field of the trans- 

10 former Ml 01 is discharged to the secondary side. A part of the energy is however 
discharged through the auxiliary winding. The diode D105 acts as a rectifier, which 
in the point A forms a negative potential smoothed by the capacitor CI 23, whereby 
the absolute value of the potential is proportional to the secondary voltage. The 
zener diodes D108 and D109 regulate the operation on the primary side controlled 

15 by this potential. The threshold level in the reverse direction of the zener diode 
D108 is the higher of these. As the secondary voltage tends to rise the potential of 
the point A is the more negative the higher the secondary voltage is. When the re- 
verse voltage over the zener diode D108 exceeds the reverse threshold level of said 
zener diode, then the zener diode starts to conduct in the reverse direction, which 

20 pulls the emitter of the transistor Q102 in the more negative direction. Then even a 
very small current induced by the primary current in the cun-ent loop formed by the 
auxiliary winding and the resistors R108 and R112 is sufficient to bring the transis- 
tor Q102 into the conducting state, whereby the conducting periods of the switch 
transistor Q101 will be very short, and the amount of energy which the primary side 

25 supplies to the isolating transformer will decrease. On the other hand, when the sec- 
ondary voltage again decreases, then the absolute value of the potential in the point 
A on the primary side will decrease. When the zener diode D108 doesn't anymore 
conduct in the reverse direction, then the power supply will again operate according 
to the usual principle of constant power control. 

30 If the secondary current continues to increase, then this will reduce the secondary 
voltage and the absolute value of the potential at the point A, proportional to the 
secondary voltage. As long as the point A is sufficiently negative in order to keep 
the zener diode D109 conducting in the reverse direction, then the potential at the 
base of the transistor Q103 remains low and the transistor Q103 is non-conducting. 

35 If the reverse direction voltage over the zener diode D109 falls below the reverse 
threshold voltage of the zener diode D109, then it stops conducting in the reverse 
direction, and a certain positive voltage appears via the resistor Rill at the base of 
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the transistor Q103, whereby the transistor Q103 goes into the saturation state and 
forms a new current path between the transistor's Q102 emitter and the negative 
terminal of the rectified input voltage. At low currents the collector-emitter voltage 
of a typical npn-transistor in the saturation state is only about 50 mV, i.e. quite low 
5 compared to the forward voltage over the diode D107, which is about 0.6 V. This 
increases the discharging of the charge at the gate of the switch transistor Q101 dur- 
ing each operating cycle, which reduces the amount of electric power supplied to 
the isolating transformer. 

In secondary-controlled switched-mode power supplies using feedback from the 
10 secondary side via an opto-isolator or some other galvanic isolating component to 
the primary side, the operation of the circuit becomes a problem in a case when the 
feedback is not acting in the desired way, due to a fault either in the measurement 
circuits on the secondary side or in the actual feedback. It would be desirable that 
the circuit operates in a controlled manner also in a situation like this. The known 
15 couplings further have that characteristic feature of analogue electronics, that any 
circuit and function would be even more advantageously realised if it would be pos- 
sible to further reduce the number of components, the space they occupy in the de- 
vice, and/or their manufacturing costs. 

The object of the present invention is to present a switched-mode power supply 
20 which is advantageous regarding the manufacturing techniques and which has a low 
number of components. A further object of the invention is to present a switched- 
mode power supply which operates reliably also in exceptional situations. Further 
an object is to present a switched-mode power supply having advantageous EMC 
characteristics (ElectroMagnetic Compatibility). 

25 The objects of the invention are attained by forming on the primary side a rectified 
image voltage which represents the secondary voltage, and by using this rectified 
image voltage for the control of freely oscillating circuits generating the switching 
pulses. 

The characteristic features of a switched-mode power supply according to the 
30 invention are presented in the characterising part of the independent claim. 

The switched-mode power supply according to the invention utilises in the isolating 
transformer an auxiliary winding in addition to the actual primary and secondary 
windings, whereby the auxiliary winding on one hand supplies the "pumping" 
pulses required by the freely oscillating circuit generating the switching pulses, and 




whereby the auxiliary winding on the other hand is further connected to a coupling 
which rectifies and stores a charge on the primary side. The last mentioned coupling 
contains most advantageously a diode and a capacitor in series, which form a loop 
together with the auxiliary winding. In this loop an image voltage is generated over 
5 the capacitor, which voltage is proportional to that voltage which prevails between 
the output terminals of the secondary side. 

The image voltage generated according to the invention can be utilised by different 
means for generating the switching pulses on the primary side. Common to these 
means is that changes in the image voltage act on the duty cycle and/or on the 
10 switching frequency in the same direction as would the corresponding changes 
measured in the secondary voltage. 

In a simple overvoltage supervision the duty cycle is reduced with the aid of the im- 
age voltage in a situation where the secondary voltage tends to rise too much. The 
image voltage is coupled to a coupling which can.be triggered by a threshold value, 

15 which coupling in the simplest case is a zener diode. If the image voltage exceeds 
the threshold value the last mentioned coupling begins to "leak" voltage to the oscil- 
lating circuit (or from this circuit), which forms the switching pulses. The potential 
change in the oscillating circuit resulting from such a leak reduces the duty cycle, 
which in turn reduces the amount of electric power supplied to the transformer and 

20 thus reduces the secondary voltage. 

In a simple switched-mode power supply the overvoltage supervision realised with 
the aid of the image voltage can even be the only coupling which supervises the 
secondary voltage. In a feedback switched-mode power supply with secondary con- 
trol it is also possible to secure a limited secondary voltage also in a fault situation 

25 when the measurement of the secondary voltage and/or the feedback of the meas- 
urement information to the primary side is not working, for some reason or other. In 
a securing arrangement of this kind the coupling which is triggered on the basis of 
the threshold value is connected in parallel with the phototransistor of the opto- 
isolator, whereby a limiting signal is obtained directly from the image voltage on 

30 the primary side if the opto-isolator is unable to deliver the limiting signal. 

The use of the image voltage can be applied also in a secondary-controlled 
switched-mode power supply where the feedback has an "inverted" purpose com- 
pared to the normal one. A normal feedback means such a feedback which gener- 
ates a limiting signal, i.e. it informs when the supply of electric power to the trans- 
35 former must be limited. In the inverted feedback control the secondary side "re- 
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quests" more electric power via the feedback, in other words, the feedback tells 
when the transformer should supply more electric power. Then the image voltage 
according to the invention is used to start the primary side, in other words to gener- 
ate such switching pulses which cause electric power to be supplied to the secon- 
5 dary side even if the energy on the secondary side is not yet sufficient to use the 
transmitting component (the light-emitting diode, LED, of the opto-isolator) in the 
feedback. 

As we studied the invention we also found a surprising aspect, according to which 
the connection of the auxiliary winding in the manner according to the invention 

10 substantially reduces such electromagnetic interference which is transmitted along 
the conductors to the mains network. The invention enables the switched-mode 
power supply to be constructed without a so called common mode choke in a filter- 
ing arrangement, whose task is to prevent radio frequency interference from propa- 
gating into the mains network, or without so called Y capacitors, which are nor- 

15 mally used between the primary and secondary sides in order to reduce interference. 

The invention is described in more detail below with reference to advantageous em- 
bodiments presented as examples and to the enclosed figures, in which: 

Figure 1 shows a prior art primary-controlled switched-mode power supply; 

Figure 2a shows schematically the inventive principle in a primary-controlled 
20 switched-mode power supply; 

Figure 2b shows schematically the inventive principle in a secondary-controlled 
switched-mode power supply; 

Figure 3 shows a switched-mode power supply according to a first embodiment of 
the invention; 

25 Figure 4 shows a switched-mode power supply according to a second embodiment 
of the invention; and 

Figure 5 shows a switched-mode power supply according to a third embodiment of 
the invention. 

In connection with the above description of prior art we referred to the figure 1 , so 
30 in the following description of the invention and its advantageous embodiments we 
mainly refer to the figures 2a to 5. In the figures we use the same reference numer- 
als for corresponding parts. 




Figure 2a is a basic drawing of a galvanically isolated switched-mode power supply 
comprising a circuit arrangement according to the invention for controlling the out- 
put voltage and current. The switched-mode power supply is connected to an alter- 
nating voltage through the input voltage terminal 200, whereby the alternating volt- 
5 age can be for instance the voltage of the common mains network (in Finland 230 
V, 50 Hz). The block 201 rectifies and stabilises the input voltage and prevents in- 
terference generated in the power supply from propagating into the AC network. 
The primary winding 202a of the isolating transformer 202 and the switch transistor 
203 form a series circuit connected to the rectified input voltage, where the switch 

10 transistor 203 interrupts the current passing through the primary winding 202a, ac- 
cording to which kind of switching pulses are supplied to its base from the pulse 
generating block 204. The pulse generation is partly controlled by the block 205 
which generates the auxiliary voltage with the aid of the auxiliary winding 202b in 
the transformer 202. In this case there are two signal lines from the auxiliary voltage 

15 generating block 205 to the pulse generating block 204, of which lines the first one 
"pumps" the pulse generating block 204 in order to maintain the oscillation, and the 
second one controls the operation of the pulse generating block so that changes in 
the duty cycle result in that the electric power supplied to the transformer 202 
changes in a desired manner. The secondary winding 202c of the transformer 202 is 

20 connected to a block 206 which generates and stabilises the secondary voltage, and 
which on the other side has the output voltage interface 207. The output voltage of 
the switched-mode power supply is the voltage between the terminals of the inter- 
face 207, and the output current is the current passing between these terminals. 

The switched-mode power supply according to the figure 2a operates in^the follow- 
25 ing way. The pulse generating block 204 generates switching pulses, which alter- 
nately bring the switch transistor 203 into the conducting state and the non- 
conducting state. Due to the voltage generated by the block 201 a current always 
passes in the primary winding 202a as the transistor 203 is in the conducting state. 
A change of the current stores energy in the magnetic field of the transformer 202. 
30 As the transistor 203 ceases to conduct the energy stored in the magnetic field is 
discharged mainly through the secondary winding 202c into the block 206, which 
generates and stabilises the secondary voltage. A small part of the energy is also 
discharged through the auxiliary winding 202b in the block 205 which generates the 
auxiliary voltage. The energy is discharged periodically, but by rectifying and filter- 
35 ing it can be formed into an auxiliary voltage, substantially of a direct voltage na- 
ture. Because the magnetic coupling between the different windings of the trans- 
former 202 is constant and does not depend on the values of the current or voltage, 
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the value of the auxiliary voltage is proportional to the value of the secondary volt- 
age and thus to the value of the output voltage. 

In normal conditions the secondary voltage generating and stabilising block 206 
generates to the output voltage interface 207 a certain normal output voltage with a 
value which depends on the dimensioning of the components of the switched-mode 
power supply. If the output current is reduced, for instance when a battery being 
charged and connected to the output voltage interface 207 becomes fully charged, 
then the output voltage tends to rise. According to the above description this is re- 
flected also as an increase of the absolute value of the auxiliary voltage in the block 
205. Correspondingly, if the output current increases during constant power control, 
then the output voltage decreases, which is reflected as a reduction of the absolute 
value of the auxiliary voltage in the block 205. Through the control connection from 
the auxiliary voltage generating block to the pulse generating block 204 the first 
mentioned adjusts the generating of the switching pulses so that the detected change 
is compensated in the best possible way. 

Of those functional blocks shown in figure 2a the invention relates mainly to the 
blocks 204 and 205. The functions according to the blocks 201 and 206 are known 
as such, even if the invention also affects the function of the block 201. As is com- 
mon in analogue techniques, in practice the functional blocks do not have to be 
clearly separated structural entities, but they can be interspersed into each other in 
many ways. 

Figure 2b shows how the invention is applied in a secondary-controlled switched- 
mode power supply. The blocks 200, 201, 202, 203, 206 and 207 can be substan- 
tially similar to those above. According to the secondary control principle there is a 
measurement and supervision block 210 on the secondary side, which block meas- 
ures the secondary current and/or voltage and generates a supervision signal on the 
basis of the measurement. The feedback for returning the supervision signal to the 
primary side passes through the galvanic isolation block 211. The operation of the 
pulse generating block 214 is now controlled both by the supervision information 
obtained from the secondary side via the galvanic isolation block 211 and by the 
auxiliary voltage generating block 215, according to a certain division of the func- 
tions. 

Figure 3 shows a primary-controlled switched-mode power supply according to a 
first embodiment of the invention where the auxiliary voltage is used to control that 
the output voltage generated on the secondary side does not exceed a certain limit. 



From the alternating voltage connected to the input the rectifier Dl produces a recti- 
fied voltage which is filtered with the aid of the capacitors Cl and C2 and the 
inductance LI. The positive terminal of the filtered and rectified operating voltage 
is connected to the first terminal of the primary winding of the transformer Ml. The 
5 coupling formed by the resistors R4 and R6 and the capacitors C4 and D2 between 
the terminals of the primary winding of the transformer Ml cuts rapid voltage peaks 
appearing over the primary winding, which reduces the "ringing" of the winding. 
For this purpose the resistor R6, the forward biased diode D2 and the capacitor C4 
form in this order a series coupling from the second terminal of the primary winding 
10 to the first terminal. The resistor R4 is further connected in parallel with the capaci- 
tor C4. The second terminal of the primary winding of the transformer Ml is con- 
nected to the drain of the n-channel MOSFET T3 representing the switch element. 
The source of the MOSFET T3 is connected via the resistor Rll to the negative 
terminal of the filtered and rectified operating voltage. 

15 The switching pulses supplied to the gate of the MOSFET T3 are generated accord- 
ing to the forward principle known as such in a circuit, which comprises the auxil- 
iary winding of the transformer Ml, the resistor R5 and the capacitor C3 in a series 
RC coupling connected to the first terminal of the auxiliary winding, the bipolar 
transistors Tl and T2 forming a thyristor coupling, the resistor chain R2, R3 and R7 

20 from the positive terminal of the filtered and rectified operating voltage to the col- 
lector of the transistor Tl, and the resistors R8 and RIO. The series RC coupling of 
the resistor R5 and capacitor C3 connects the first terminal of the auxiliary winding 
to a point between the resistors R3 and R7, and at the same time to the emitter of the 
pnp-transistor T2, whereby the emitter is further connected through the resistor R8 

25 to the gate of the MOSFET T3. The second terminal of the auxiliary winding of the 
transformer Ml is isolated with the aid of the capacitor C5 from the negative termi- 
nal of the filtered and rectified operating voltage. The capacitor C5 forms together 
with the diode D4 a series coupling between the terminals of the auxiliary winding. 
In addition there is a series coupling formed by the reverse direction zener diode D3 

30 and resistor R9 from the second terminal of the transformer Ml to the base of the 
transistor TL The resistor RIO connects the source of the MOSFET T3 to the base 
of the transistor Tl. 

In this embodiment the secondary is simply formed by the secondary winding of the 
transformer M 1 , the series coupling of the diode D5 and the capacitor C6 between 
35 the terminals of the secondary winding, and the filtering capacitor C7 between the 
output terminals, which capacitor regarding the circuit technique is in parallel with 
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the capacitor C6, and thus the filtering capacitor could be combined with the capaci- 
tor C6 to a single secondary capacitor. 

The operation of the circuit according to figure 3 is described below. The operation 
of the rectifying and stabilising parts for the input voltage is well known and not 
5 dealt with here. When the power to the device is switched on, the current passing 
through the resistor chain R2 - R3 charges the capacitor C3 to the full level, 
whereby the potential at the gate of the switch transistor T3 rises to a positive level, 
and the switch transistor becomes conducting. A growing electric current begins to 
flow through the primary winding of the transformer Ml, the switch transistor T3 

10 and the resistor Rl 1, whereby this current stores energy into the transformer's mag- 
netic field. At the same time the potential of the point between the switch transistor 
T3 and the resistor Rll begins to rise, which increases the base-emitter voltage of 
the transistor Tl. When the base-emitter voltage of the transistor Tl has increased 
to a sufficiently high level the thyristor coupling formed by the transistors Tl and 

15 T2 is triggered and discharges the charge which was present at the gate of the 
switch transistor T3. The switch transistor T3 ceases to conduct, whereby the en- 
ergy stored in the magnetic field of the transformer Ml is mainly discharged to the 
secondary side. However, a part of the energy is discharged through the auxiliary 
winding, whereby it induces in the auxiliary winding a current with a direction op- 

20 posite to that small current, which was induced in the auxiliary winding due to the 
current in the primary winding. The coupling formed by the auxiliary winding, the 
capacitor C5 and the diode D4 accumulates the charge carried by this induced cur- 
rent into the capacitor C5, corresponding to the operation of the components C6 and 
D5 in the secondary circuit. When all the energy charged into the transformer Ml 

25 has been discharged, the operation cycle is restarted from the beginning. The thyris- 
tor coupling formed by the transistors Tl and T2 ceases to conduct quite soon after 
it was triggered, because when the charge at the gate of the switch transistor T3 has 
been discharged the potential at the emitter of the transistor T2 is lowered, and be- 
cause an interruption of the primary current means that the base of the transistor Tl 

30 is coupled via the resistors RIO and Rl 1 to the ground potential. 

Between the terminals of the capacitor C5 there thus appears an image voltage, 
which on the primary side represents the behaviour of the secondary voltage. The 
activity continues in the above described manner as long as the magnitude of this 
image voltage does not exceed the reverse threshold voltage of the zener diode D3. 
35 However, if the secondary voltage tends to exceed a certain value, then also the im- 
age voltage representing it on the primary side will increase until the reverse thresh- 




old voltage of the zener diode D3 is exceeded. Then the zener diode D3 will "leak" 
a part of the threshold voltage to the base of the transistor Tl, which makes the thy- 
ristor coupling T1/T2 to trigger earlier in each switching cycle, and thus it reduces 
the duty cycle. 

Figure 4 shows a supplement to the coupling shown in figure 3. The switched-mode 
power supply shown in figure 4 is primarily a secondary-controlled one. The secon- 
dary control is realised so that the transistor T4 measures the secondary current (i.e. 
the drop in voltage over the series connected resistor R18 in the secondary circuit), 
and the transistor T5 measures the secondary voltage (actually a portion of it, which 
is taken with the aid of a division circuit formed by the resistor R14, the reverse di- 
rection zener diode D6 and the resistor R15). The collectors of the npn-type transis- 
tors T4 and T5 are connected to the cathode of the LED in the opto-isolator IC1. 
The anode of the LED is connected via the resistor R13 to the positive terminal of 
the output voltage. The base voltages are taken to the transistor T4 through the 
resistor R17 from the negative terminal of the output voltage, and to the transistor 
T5 through the division circuit formed by the resistor R14, a reverse direction zener 
diode D6 and the resistor R15, from a point between the zener diode D6 and the 
resistor R15. The emitter of the transistor T5 is connected to the negative terminal 
of the output voltage, and the emitter of the transistor T4 is connected to the more 
negative terminal of the secondary winding of the transformer Ml . 

In the case of figure 4 the collector of the phototransistor in the opto-isolator IC1 is 
connected to the positive terminal of the capacitor C5 maintaining the image volt- 
age on the primary side, and the emitter is connected via the resistor R12 to the base 
of the transistor Tl. 

25 The operation of the secondary control follows the known principle that either one 
of the transistors T4 or T5 becomes conducting, depending on whether the secon- 
dary current or voltage is increasing to exceed the allowed value: then the LED of 
the opto-isolator IC1 will light up and make the phototransistor conducting. Voltage 
leaks through the phototransistor to the base of the transistor Tl , which makes the 

30 thyristor coupling T1/T2 to trigger earlier and thus reduces the duty cycle, and 
through this the amount of electric power supplied to the transformer Ml . 

In the coupling of figure 4 the image voltage according to the invention has a secur- 
ing role. The threshold voltage of the zener diode D3 and the resistances of the re- 
sistors R9, RIO and Rll are dimensioned so that when the secondary control oper- 
35 ates normally the threshold voltage of the zener diode D3 will not be exceeded at 
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all. If the secondary control ceases to function due to some reason or other and the 
secondary voltage tends to rise, then the voltage leak occurring through the zener 
diode to the electrode which triggers the thyristor coupling T1/T2 will limit the sup- 
ply of energy in the same way as was described above regarding the figure 3. 

The figure 5 shows a secondary-controlled switched-mode power supply where the 
secondary control obeys a principle which is the inverse compared to that described 
above. In figure 5 the measurement transistors T4 and T5 are in other respects con- 
nected on the secondary side in a similar way as in figure 4, but instead of the cath- 
ode their collectors are connected to the anode of the LED in the opto-isolator. The 
cathode of the LED of the opto-isolator is connected the more negative terminal of 
the secondary winding of the transformer Ml. The collector of the phototransistor 
of the opto-isolator IC1 is now connected through the resistor R12 to the base of the 
transistor Tl, and the emitter of the phototransistor is connected to the negative 
terminal of the filtered and rectified operating voltage of the primary side- 
Even a slight secondary voltage in the switched-mode power supply of the figure 5 
is sufficient to turn on the LED of the opto-isolator IC1, if the voltage is not for a 
very particular reason removed from the LED by setting at least one of the transis- 
tors T4 or T5 into the conducting state. This means that the LED begins to turn off 
if the secondary voltage or current exceeds its usual value. On the other hand it 
must be secured that the supply of -energy to the transformer does not get out of 
hands due to a possible failure in the secondary control. 

The last mentioned supervision is performed in a manner according to the invention. 
Because the resistor R9 now connects the positive terminal of the capacitor C5 
maintaining the image voltage directly to the base of the transistor Tl, a part of the 
image voltage will always leak to the base of the transistor Tl, which in a way de- 
scribed above tends to decrease the duty cycle and to reduce the supply of energy to 
the transformer. The positive potential of the base of the transistor Tl is reduced 
only when the LED of the opto-isolator ICl is on, because then the phototransistor 
of the opto-isolator ICl is in the conducting state, and via the resistor R12 it "pulls" 
the potential of the base of the transistor Tl into a more negative direction. 

Further, in a manner obvious to a person skilled in the art, it is advisable to dimen- 
sion the resistance of the source resistor Rll (or alternatively the resistor RIO) of 
the switch transistor T3 so that it is slightly larger than in figures 3 and 4, so that the 
connection over this path to the negative terminal of the filtered and rectified 
operating voltage does not pull the potential at the base of the transistor Tl too low. 
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Laboratory examination of the circuits according to the figures 3, 4 and 5 shows that 
the so called conducted RF interference from the switched-mode power supply 
through the rectifier Dl in the "upstream" direction towards the mains network is 
substantially lower than in prior art switched-mode power supplies. This appears to 
be due to the fact that when the diode D4 and the capacitor C5 are coupled in series 
between the terminals of the auxiliary winding in the manner shown in figures 3, 4 
and 5, the coupling operates as a so called compensation regarding the operation of 
the transformer Ml. The switched-mode power supplies according to the figures 3, 
4 and 5 can be implemented and made to meet certain generally approved interfer- 
ence level standards without a common mode choke, which normally forms a part 
of the rectifying and filtering arrangement connecting the switched-mode power 
supply to the mains network. Further, the switched-mode power supplies according 
to the figures 3, 4 and 5 can be realised without a so called Y-capacitor between the 
primary and secondary sides, which capacitor (the capacitor CI 06) must be present 
in the prior art switched-mode power supply shown for instance in figure 1 . Both 
the choke and the Y-capacitor are bulky components, so it is an essential advantage 
to achieve the performance according to the standards without them. This advantage 
is still emphasized by the fact that a common mode choke is a relatively expensive 
component, and that an Y-capacitor, even if it is selected according to the electric 
safety regulations, always will present a potential risk for electrical breakdown if 
the switched-mode power supply is subjected to very exceptional conditions, such 
as to a stroke of lightning. 

The above-presented advantageous embodiments of the invention are not intended 
to restrict the applicability of the claims. The inventive features presented in the de- 
pendent claims can be freely combined, if not otherwise stated. 
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Claims 

1 . A switched-modc power supply having a primary side and a secondary side 
and 

- a transformer (Ml) with a primary winding, a secondary winding and an auxiliary 
winding, of which the primary winding and the auxiliary winding are connected to 
the primary side and the secondary winding is connected to the secondary side, 

- a switch element (T3) connected to the primary winding in order to interrupt a cur- 
rent flowing in the primary winding, and 

- a freely oscillating circuit (R5, C3, R7, Tl, T2, R8, R9, RIO, Rl 1) in order to gen- 
erate switching pulses to the switch element (T3); 

characterised in that it contains 

- a rectifying and charge storing coupling (D4, C5) between the terminals of the 
auxiliary winding in order to generate such an image voltage, which on the primary 
side represents a certain voltage of the secondary side, and 

- a coupling (D3, R9) from said rectifying and charge storing coupling (D4, C5) to 
said freely oscillating circuit (R5, C3, R7, Tl, T2, R8, R9, RIO, Rll) in order to 
control how switching pulses are generated on the basis of the value of said image 
voltage. 

2. A switched-mode power supply according to claim 1, characterised in that 

- the freely oscillating circuit contains a semiconductor switch (Tl, T2) having a 
certain electrode whose potential determines when the semiconductor switch (Tl, 
T2) is in the conducting state, which conducting state is arranged to correspond to 
the end of the switching pulse, and 

- the coupling (D3, R9) from said rectifying and charge storing coupling (D4, C5) to 
said freely oscillating circuit (R5, C3, R7, Tl, T2, R8, R9, RIO, Rll) is arranged to 
change the potential of said certain electrode as a response to a change in the image 
voltage. 

3. A switched-mode power supply according claim 2, characterised in that 

- said semiconductor switch (Tl, T2) is a thyristor coupling which is triggered as a 
response to a sufficiently positive potential at its certain electrode, and 

- the coupling (D3, R9) from said rectifying and charge storing coupling (D4, C5) to 
said freely oscillating circuit (R5, C3, R7, Tl, T2, R8, R9, RIO, Rll) is arranged to 
change the potential of said certain electrode of said thyristor coupling to be more 
positive in a situation where the image voltage exceeds a certain limiting value. 
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4. A switched-mode power supply according to claim 3, characterised in that it 
is a primary-controlled switched-mode power supply where the primary control 
equals the coupling (D3, R9) from said rectifying and charge storing coupling (D4, 
C5) to said freely oscillating circuit (R5, C3, R7, Tl, T2, R8, R9, RIO, Rl 1). 

5. A switched-mode power supply according to claim 3, characterised in that it 
is a secondary-controlled switched-mode power supply. 

6. A switched-mode power supply according to claim 5, characterised in that 

- on the secondary side there is a circuit (T4, T5, R15, R17, R18) for measuring a 
certain electrical quantity, which circuit is arranged to generate an activating signal 
to the primary side in a situation where the measurement indicates that said electri- 
cal quantity has exceeded a certain limiting value, 

- the switched-mode power supply includes a switch component (IC1) which is ar- 
ranged to react on said activating signal by changing the potential of said electrode 
of the thyristor coupling (Tl, T2) to be more positive, and 

- the operation of said measurement circuit (T4, T5, R15, R17, R18) and said switch 
component (IC1) is arranged to be activated as a response to an increase in the value 
of the measured quantity, which increase is smaller than what would be needed in 
order to increase the image voltage to a value where the coupling (D3, R9) from 
said rectifying and charge storing coupling (D4, C5) to said freely oscillating circuit 
(R5, C3, R7, Tl, T2, R8, R9, RIO, Rll) would change the potential of said certain 
electrode of the thyristor coupling (Tl, T2) to be more positive. 

7. A switched-mode power supply according to claim 5, characterised in that 

- the secondary side contains a circuit (T4, T5, R15, R17, R18) for measuring a cer- 
tain electrical quantity, which circuit is arranged to provide an activating signal to 
the primary side in a situation where the measurement indicates that said electrical 
quantity is lower than a certain limiting value, 

- the switched-mode power supply contains a switch component (IC1) which is ar- 
ranged to react on said activating signal by changing the potential of said electrode 
of the thyristor coupling (Tl, T2) to be more negative. 

8. A switched-mode power supply according to claim 1, characterised in that 
the rectifying and charge storing coupling (D4, C5) connected between the termi- 
nals of the auxiliary winding contains a diode (D4) and a capacitor (C5) connected 
in series, of which the diode (D4) is arranged to enable a current flow in a loop 
formed by the auxiliary winding, the diode (D4) and the capacitor (C5) in that direc- 
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tion, in which the current tends to flow when the switch element (T3) connected to 
the primary winding is in the non-conducting state. 
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